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Abstract: In comparison with other organs, variants of blood 
supply to the kidneys were always at special attention. In many 
respects, the relevance of the topic can be explained by the 
presence of a large number of surgical and non-surgical 
procedures performed on this organ, the number of which 
continues to grow. We therefore analyzed renal artery 
variations by the method of macroscopic anatomical dissection 
on 56 kidneys and retrospectively analyzed the data of 93 
aortography performed using the Seldinger technique. In our 
study, one renal artery was encountered in 45 cases (80.34%) 
based on dissection method and in 156 cases (83.87%) based 
on angiography. Two renal arteries were found in 11 cases 
(19.64%) according to the dissection method and in 30 cases 
(16.13%) according to the data of the aortography. Bifurcation 
of the renal artery occurred in 5 cases (8.93%) and trifurcation 
– 2 cases (3.57%). Based on the angiography data bifurcation 
was detected in 16 cases (8.60%) and in trifurcation in 3 case 
(1.61%). Extrarenal division occurred in 10 cases (17.86%). 
Based on dissection method the superior polar arteries were 
recorded in 12 cases (21.43%). On angiographies, the superior 
polar arteries were encountered in 10 cases (5.38%) and 
inferior polar arteries – in 2 cases (1.08%). The data provided 
in the article can be used by specialists in urology, nephrology, 
vascular surgery, as well as in other therapeutic and surgical 
specialties. 
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Introduction: 
In comparison with other organs, variants of blood supply to 
the kidneys were always at special attention. In many respects, 
the relevance of the topic can be explained by the presence of 
a large number of surgical and non-surgical procedures 
performed on this organ, the number of which continues to 
grow. 
The anatomy of the renal vessels is of particular importance in 
the case of kidney transplantation, reconstruction of its 
vessels, nephrogenic hypertension, and for kidney resection. 
In all these cases, it is necessary to take into account the 
variants of the development of renal vessels, which can occur 
in 4%-61.5% of cases and be the cause of intraoperative and 
postoperative complications.(1-3) In recent years, it has been 
shown that accessory kidney vessels can cause nephrogenic 
hypertension and their presence should be considered when 
performing ablation of renal vessels.(4) In addition, there is a 
tendency for the increase in the number of kidney transplants 
with accessory arteries, which can complicate the surgical 
procedure.(5) 
Variants of blood supply to the kidneys are of great importance 
not only in the fundamental aspect, but also in clinical practice. 
Data provided in the article are useful in urology, nephrology, 
vascular surgery, as well as in other therapeutic and surgical 
specialties. 
Materials and Methods 
Variant anatomy of the blood supply of kidneys was studied 
by the method of macroscopic anatomical dissection. The 
study was performed on 28 organ complexes (56 kidneys) 
donated to the department of human anatomy, obtained from 
patients of different sex and age, who died of causes not related 
to renal pathology. The organs were fixed in a 10% formalin 
solution. We also retrospectively analyzed the data of 93 (186 
kidneys) aortography performed using the 
Seldinger technique with the study of variants of development 
of the arterial supply of the kidneys. The obtained data were 
analyzed using descriptive statistics. 
Results 
In all 56 cases (100%), the renal arteries originated from the 
aorta. The same results were obtained from the data of 93 
aortographies. Normally, the kidney is supplied by one renal 
artery. This variant was found in 45 cases (80.34%) during the 
dissection and in 156 (83.87%) cases according to 
aortography. Often, the kidney can be supplied by two renal 
arteries. In such a case, one renal artery is the main one, and 
the other is an accessory one. Based on the dissection results 
two renal arteries were found in 11 cases (19.64%) (Figure 1) 
and in 30 cases (16.13%) according to aortographies (Figure 
1.1). We have not detected cases of three or more renal vessels 
in our study groups. 
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Fig. 1: Accessory renal artery (frontal 
view).Macrospecimen (woman, 79 years old).  
K – kidney; A – abdominal part of the aorta; RA –main renal 
artery; aRA – accessory renal artery; Ur – ureter. 
 
Fig. 1.1: Accessory renal artery (aortography) 
A – abdominal part of the aorta; RA –main renal artery; aRA 
– accessory renal artery. 
The renal artery can branch early into two or more vessels 
(bifurcation or a trifurcation) In case of a bifurcation the artery 
can also be called a «fork-like artery». During the dissection, 
this type was found in 5 cases (8.93%). In addition, 16 cases 
(8.60%) of the bifurcation were detected on angiography 
(Figure 2.1). This developmental variation can be uni- or 
bilateral (Figure 2). In rare cases, the artery can be divided into 
three branches (trifurcation) and this variant was found during 
dissection in 2 cases - 3.57% (Figure 3) and in 3 cases (1.61%) 
– on angiography (Figure 3.1). 
 
Fig. 2: Bilateral «fork-like» renal artery (posterior view).  
Macrospecimen (man, 64 years old). K – kidney; IVC – 
inferior vena cava; A – abdominal part of the aorta; Bf – 
renal artery bifurcation; Ur – ureter. 
 
Fig. 2.1: Bifurcation of the renal artery (aortography).  
A – abdominal part of the aorta; Bf – renal artery bifurcation. 
 
Fig. 3: Trifurcation of the renal artery (posterior view). 
Macrospecimen (woman, 72 years old). K – kidney; IVC - 
inferior vena cava; A – abdominal part of the aorta; RA – 
renal artery; Sb – a presegmentary branch of the renal artery; 
Ur – ureter. 
 
Fig. 3.1: Trifurcation of the renal artery (aortography).  
A – abdominal part of the aorta; RA – renal artery; Trf – 
trifurcation of the renal artery. 
Extrarenal division can be proximal or distal and was 
encountered in 10 cases (17.86%) during dissection (Figure 4). 
It represents the division of renal artery in segmental branches 
before its entrance into the renal parenchyma. 
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Fig. 4: Extrarenal division of the renal artery (anterior 
view). 
Macrospecimen (woman, 21 years old). K – kidney; RA – 
renal artery; RV – renal vein; Sb – presegmentary branch of 
the renal artery; Ur – ureter. 
Another type of developmental variations of the renal vascular 
supply are perforating arteries. A classic example of such type 
are the polar arteries, which were recorded in 12 cases 
(21.43%) based on the data from dissection (Figure 5) and can 
be superior, inferior or bipolar. On angiography, the superior 
polar artery was encountered in 10 cases (5.38%) and the 
inferior polar artery – in two cases (1.61%) (Figure 5.1). 
 
Fig. 5. Superior polar artery (anterior view). 
Macrospecimen (woman, 55 years old). K – kidney; A – 
abdominal part of the aorta; RA – renal artery; PA – superior 
polar artery; Ur – ureter. 
 
Fig. 5.1. Superior polar artery.  
A – abdominal part of the aorta; RA – renal artery; SPA – 
superior polar artery; aRA – accessory renal artery. 
Based on the data obtained during dissection and angiography, 
it can be noted that the accessory renal arteries, as well as early 
bifurcation and trifurcation of the artery are more often found 
on the right (Table 1). 
Table 1: The incidence of developmental variations of 
renal vessels 
 Dissection Aortography 
One artery 45 (80.34%) 
156 
(83.87%) 
Two arteries 
Left 3 (5.36%) 11 (5.91%) 
Right 6 (10.71%) 19 (10.22%) 
Bilateral 1 (1.79%) - 
Total 11 (19.64%) 30 (16.13%) 
Superior polar artery 
Left 8 (14.29%) 3 (1.61%) 
Right 2 (3.57%) 5 (2.69%) 
Bilateral 1 (1.79%) 1 (0.54%) 
Total 12 (21.43%) 10 (5.38%) 
Inferior polar artery 
Left - - 
Right - - 
Bilateral - 1 (0.54%) 
Total - 2 (1.08%) 
Bifurcation of the artery 
Left - 3 (1.61%) 
Right 3 (5.36%) 7 (3.76%) 
Bilateral 1 (1.79%) 3 (1.61%) 
Total 5 (8.93%) 16 (8.60%) 
Trifurcation of the 
artery 
Left - - 
Right 2 (3.57%) 1 (0.54%) 
Bilateral - 1 (0.54%) 
Total 2 (3.57%) 3 (1.61%) 
Discussion 
In the majority of cases (99.1%) the renal arteries originate 
from the abdominal aorta.(1) 
Nowadays, there is no common opinion on the cause of the 
emergence of accessory renal arteries. Felix described that in 
a 18 mm fetus the developing mesonephros, metanephros and 
the suprarenal glands are vascularized by nine pairs of arteries 
that take origin from the dorsal aorta and can be divided into 
cranial (1st и 2nd), middle (3rd-5th) and caudal (6th-9th). 
Thus failure to reduce the number of arteries results in 
accessory renal vessels.(6) 
The incidence of accessory arteries is uneven and depends not 
only on the study method. Depending on the population, 
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accessory renal arteries occur from 4% (Malaysia) to 61.5% 
(Brazil).(1,2) The incidence also can be very variable in 
countries with ethnical heterogeneity.(7) The Republic of 
Moldova is a multinational country, which means that the 
frequency of occurrence of the accessory arteries can vary in 
wide ranges depending on the nation. In countries that are 
geographically close to the Republic of Moldova - Ukraine and 
Romania, the incidence of accessory renal arteries is 31.8% 
and 19.9%, respectively.(8,9) 
Based on the data from the literature more than one accessory 
renal artery is a rare finding (according to Jamkar and co-
workers in 3.77% of specimens on the left side and 4.71% on 
the right side this variant was found).(10) Several authors 
consider that accessory renal arteries are more frequent from 
the right then from the left (p = 0.01).(11) Usually the diameter 
of the main renal artery in this case is smaller.(12) It should be 
noted, that variants of development of the renal artery (in 
particular, accessory arteries) are often associated with other 
developmental variations of vascular supply. In particular, of 
the celiac trunk, blood supply to the liver, testicles or adrenal 
glands.(13-15) 
Information on the presence of the accessory renal arteries 
may be useful for the early diagnosis of certain diseases. For 
example, there is an opinion that existence of the accessory 
renal arteries can lead to hypertension. In patients with 
hypertension, accessory renal arteries are detected more often 
(59% compared with 32%, p = 0.004). The operation for renal 
denervation in such patients is also less likely to succeed, or 
the result is less prominent.(16,17) 
Despite the fact that at present accessory renal arteries, as a 
rule, do not increase the risk of internal and postoperative 
complications, they nevertheless increase the duration of 
surgery (245 vs. 221 min, p = 0.023) and slightly increase the 
blood loss (225 vs. 220 ml, p = 0.029).(18) 
Another type of anomalies of the kidney's blood supply are the 
polar arteries. They can be encountered in 3.56% – 22.6% of 
cases. The superior polar arteries are more frequent and can be 
seen in 7.32 – 22.6% of cases, while the inferior polar arteries 
– only in 3.56% – 5.3%.(3,19) Still, there are opinions that the 
incidence of inferior polar arteries is higher.(20) The presence 
of inferior polar arteries can be linked to a higher rate of 
ureteral complications compared to the patients who don’t 
have inferior polar arteries (47% VS 14%, p = 0.01).(18) This 
can be explained by the fact that the vascularization of the 
ureter in this case depends on the inferior polar artery.(21) 
Besides that, the presence of the inferior polar artery can also 
cause ureteral compression and thus lead to 
hydronephrosis.(22) 
The branching of the renal artery into segmental branches, can 
be before the sinus (81.67%), in the region of the sinus (10%) 
and inside the sinus (8.33%).(23) Thus, the early branching of 
the artery into segmental branches can be seen in 18.33%-
21.36%. The number of the branches is also variable.(11,23) 
Fork-like arteries (bifurcation of the renal artery) are 
encountered in approximately 9.4%-16.5% of cases.(24,25). 
Finally, accessory renal arteries, as well as early bifurcation 
and trifurcation of the artery are more often found on the right 
side. Furthermore arterial supply variations are more frequent 
than variations of venous drainage this can be explained by 
embryological and hemodynamical factors that contribute to a 
higher incidence of arterial variations.(26) 
Conclusions 
In our study, we identified the frequency of occurrence of 
various variants of kidney’s blood supply based on the data of 
the macroscopic dissection data and angiographic 
examination. In our study, one renal artery was encountered in 
45 cases (80.34%) based on dissection method and in 156 
cases (83.87%) based on angiography. Two renal arteries were 
found in 11 cases (19.64%) according to the dissection method 
and in 30 cases (16.13%) according to the data of the 
aortography. Bifurcation of the renal artery occurred in 5 cases 
(8.93%) and trifurcation - 2 cases (3.57%). Based on the 
angiography data bifurcation was detected in 16 cases (8.60%) 
and in trifurcation in 3 cases (1.61%). Extrarenal division 
occurred in 10 cases (17.86%). Based on dissection method 
the superior polar arteries were recorded in 12 cases (21.43%). 
On angiography, the superior polar arteries were encountered 
in 10 cases (5.38%) and inferior polar arteries as well in 2 
cases (1.08%). Data provided in the article can be used by 
specialists in urology, nephrology, vascular surgery, as well as 
in other therapeutic and surgical specialties. 
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